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IV.— .Vo<e  on  <Ar  Temperature  Varinitons  in  the  Spfcifit  Iie»Ulatuc  of 

Hrusler'n   Alloy$. 

By  H.  A.  MiT.vooART,  M.A.,  an.l  .1.  K.  Kohkuison,  M.A. 

(Communicated  1..n    Prof.  J.  C  Mol/ennan.  unU  r.-^.a   May  i"    JyOH.) 

Intuoulx'tion. 

The  following  note  conUins  an  oirounl  of  a  preliminary  suuly  of 
he  •pecific  rt-  mr  of  aevorul  sampK'S  of  the  brou/.e  Hoys  a..so,v»re.l 
a  few  vrare  aLji  .y  llcualer.'  TIilmv  already  exists  as  a  resiih  ..f  the 
inv-niRati.i-id  of  various  experimonlers,  «  LonsKlorablo  aiiioimt  of  iu- 
fonna.ion  with  regard  to  the  nature  and  properties  of  ih.sf  ull..y:^. 
but  DO    ..  eful  examination  of  their  electrical  resibtance  has  up  to  the 

present  been  attempted. 

A  perusal  of  the  literature  hearing  on  the  subject   of  H.usler»* 
allovs  shews  a  ntimber  of  striking  contrasts  betwi-en  their  propcrtK•^• 
and  that  of  many  other  alloys,  as  well  as  pure  metals.     They  an'  mag- 
netic, though  tMmiiHwed  of  non-magnetic  constituents  ;   tluM-  pvrmeabihty 
shews  unusual  variations  accompanying  the  procvsses  of  cooling  from 
high  temperatures;  their  hysteresis  effects  depend  on  similar  treatment; 
nnd  they  exhibit  magnetostriction  phenomena  alt..getiu-r  dUTeivnt  Irom 
those  displayed  by  other  well  known  magnetic  substaiu.'S.     ( •..nsideration 
of  th  .^e  proiierties,  and  particularly  of  those  which  are  subjwt  t..  m-x  i- 
llcations  l)V   si^cific   heat  treatment,  suggested   the   possibility  of   the 
existence  of  peculiarities  in  tne  values  of  the  coi-flicient  of  resistance  in 
some  regions  of  temperature. 

It  became  then  a  matter  of  interest  and  import.ince  to  eNnmme  the 
resistance  of  these  alloys,  not  only  at  ordim^ry  U'lnperatur,^  but  also 
over  as  wide  a  rang.-  as  possible,  so  as  to  obsene  as  fully  as  may  bo 
the  character  of  any  variations  which  might  occur  in  the  spocine  resist- 
ance  in  consequence  of  temperature  changes.  To  add.  then,  if  possible, 
fro.^  this  lin^e  of  investigation,  some  further  data  which  mi-ht  help  to 
explan  the  magnetic  properties  of  these  hmmes,  the  authors  at  the 
suggestion  of  Prof.  McUnnan,  carried  out  as  time  permitted,  the  senes 
of  observations  described  below.  

7^„    A    neut^Phys    G^fiell.  5.219.   1903;     Marburg  Schrlftcn.  !S7.   1904: 

rrNoTp."'     Au"    190?"  Verh.  d   TVu^  Phvs.  O...,,,  March.  1907;    Phy 
Rev    24*  1907;    Verb.  d.  Deut.  Phys.  Oe«ell..  Jan..  1908. 
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Outline  of  Melhol  .—Thi;  intention  was  to  make  detATniinatioua 
of  the  specific  resistance  at  a  considerable  nunilwr  of  diiferent  teniiH-r- 
ataiiTS,  but  lack  of  time  confined  the  obsei-vations  to  live  particular 
points— namely,  that  of  li(iuid  air.  about  — IH.")'^  ('.,  that  of  carbonic 
acid  snow  and  etlier,  about  ::"  C,  tiiat  of  melting  ice,  boiling  water, 
and  that  of  paraffin  lieatcnl  to  Kl'i'  C 

TABLE  L 


No.  of  alloy. 

1\ 

2,  2A... 

3,  3A,  3B...      . 

4,  4A... 


Percentage  Composition . 

Al. 

SO 

Mn. 
32.1 

Cu. 
59  H 

9.7 

25  G 

64.6 

14.3 

28.6 

57  1 

15.9 

23.9 

00  3 

Atomic  ratio  of 
A  to  Mn. 


.51 
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FIG.  I 

Eight,  rods  each  ahout  15  cms.  long,  whose  distinguishing  marks 
are  lA,  'I.  2A,  3,  3A,  3B,  4,  4A.  and  whose  percentage  composition  is 
shewn  in  Table  I  were  examined. 

Before  beginning  the  study  of  the  resistance  of  the  samples  their 
pennoability  was  roughly  determim>d  for  purposes  of  comparison.  To 
do  this  a  ballistic  method  was  employed,  the  rods  being  placed  in  a 
glass  tube  wound  with  a  sot^ondarv-  coil,  which  was  itself  in  turn  placed 


inside  a  standa-"'      rimary. 


No  correction  was  made  for  end  effects 


8,1  R,  fomnarison  of  tJie  relative  magnetization  values  of  the  different 
specimens  was  all  that  was  desired. 
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The  curves  given  in  Fig  1  shew  graphically  the  values  of  B  and  H 
for  each  of  the  rods  examined,  and  the  nund)ers  iheinselvus  from  which 
the  curves  were  plotted  are  given  in  Tahle  II. 


TABLE  II. 


Alloy 
lA 


H 


15.35 
32  OS 
55.82 
75.36 
106.06 
130.48 
147.93 
163.28 
175.8-1 
187.01 


B 


23.02 
43  31 
58.77 
73.59 
101.93 
116  03 
126.09 
131.41 
133.35 
138.02 


Alloy 
3A 


H 


B 


17.44 
34.89 
58.61 
78.85 
111  64 
136.07 
153.51 
168.80 
181.42 
193.29 


555.41 
1021.38 
1522.69 
1835.39 
2196.44 
2383  61 
2491.76 
2558.30 
.'605.64 
2648.97 


Alloy 


H 


Alloy 
2A 


16.04 
32  79 
55  12 
75.36 
106.76 
131.88 
148.63 
163.28 
175.84 
188.40 


B 

28  22 
47  95 
89.10 
118.59 
153.72 
175.86 
195.59 
203.54 
207.15 
210  77 


H   I 

16.04 
32  79 
55.  S2 
76  06 
108  15 
131.88 
148.63 
166  07 
178.03 
193.29 


Alloy 
3 


B 

29  13 
49.18 
90  53 

120  64 

i 
102  89 

195.16  ! 

I 
215  11 

217.87  I 

220.82 

I 
212  24 


H 

B 

17  44 

424  15 

34  19 

770  02 

59  91 

117'.l.20 

77.45   1434  57 


110  25 
130.07 
153  51 
108.86 

182.82 
193  98 


1733  56 
1894.80 
1993.15 
2000  81 
2110  22 
2149  75 


Alloy 
3B 


Alloy 
4 


Alloy 
4A 


H 


17  44 
34  19 
57.21 
78.15 
110  90 
136  07 
153.51 
170  26 
183.52 
193  98 


B 


H 


367.30 
064.41 
1045.36 
1308.23 
1633  01 
1811.83 
1930  08 
1999.48 
2052  35 
2087.73 


B 


H 


17  44 
32  49 
56  52 
77.45 
117.23 
134.67 
153  51 
167.47 
180.73 
190.49 


759  41 
1134  23 
1378  59 
1475.26 
1571  43 
1632  35 
1673.92 
1699  09 
1708  70 
1724  64 


16  74 
33  49 


B 


696  99 
1101  79 
55  82  '  1472  04 
76  75   1002.45 


109  55 
133  '27 
152  12 


1853.23 
1947  48 
2005 . 48 


107.47  I  '2043  43 
180  03  2072  34 
188  40  2093.58 


■  j*^  i 


i 
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To  examine  their  resistance  the  rods  were  laid  side  by  side  about 
1  cm.  apart  in  two  seta  of  four  each,  and  tlieir  ends  soldered  together 
in  series.  In  tSiis  way  four  rods  at  a  time  were  placed  in  the  bath 
and  examined  in  succession.  The  resistance  of  each  specimen  was 
deduced  from  the  observed  value  of  the  potential  dilTcrence  at  the  ends 
of  a  five  cm.  length  if  the  alloy,  and  from  the  value  of  the  current 
passing  through  it  according  to  the  c(|uation — 

and  from  this  result  tlie  specific  resistance  was  calculated  according  to 

the  equation 

R  A 

where  A  =  the  cross  section 

L  =  the  lenghli  of  the  specimen. 

Anpanxtus:—T\w  current  traversing  the  alloys  was  supplied  from 
a  storage  battery,  a  rheostat  being  used  make  small  adjustments  when 
desired.  To  measure  the  current  at  any  time,  the  difference  of  poten- 
tial at  the  ends  of  a  ^^  olmi  standard  resistance  in  circuit  with  the 
alloys  was  observed  by  means  of  a  Siemens  and  llalske  potentiometer 
provided  with  a  sensitive  galvanometer. 

To  determine  the  potential  difference  at  the  ends  of  a  5  cm.  lengtli 
of  the  alloy,  a  pair  of  calipers  fittal  witli  ebonite  arms  bearing  brass 
V-shaped  tips  with  platinum  edges  made  a  sliding  contact  at  any  two 
points  desired  along  the  specimen  and  wires  leading'  from  tiie  brass 
tips  served  to  make  c-onnection  with  the  same  potentiometer,  the  read- 
ings for  current  and  potential  difference  at  the  points  of  contact  being 
taken  in  succession.  To  determine  the  resistance  of  the  5  cm.  length 
of  a  specimen,  the  calipers  were  adjusted  to  a  length  of  IQi/a  cms.  and 
the  difference  of  iwtcntial  ol>served.  Tlie  calipers  were  then  shortened 
to  51/2  cms.  and  the  potential  difference  again  noted.  The  difference 
of  the  two  readings  gave  the  potential  difference  at  the  ends  of  a  5  cm. 
length  of  a  spwimen,  and  from  this,  the  dimensions  of  the  rod  being 
known,  the  specific  resistance  was  deduced. 

Xo  spciial  difficultv  was  encountered  in  preparing  hnths  at  the 
chosen  temperatures.  For  the  highest  temperature  a  narrow  copper  ves- 
sel  was  used  long  enough  to  contain  the  alloys  laid  upon  proper  insulat- 
ing blocks.     The  paraffin  was  heated  by  gas  and  kept  at  a  constant  tern- 

perature  of  1G0°  0. 

For  the  lowest  temperature  a  quantity  of  liquid  air  was  pmircd  orer 
the  allovs  while  resting  in  a  narrow  dish  made  of  thin  brass  placed  in 
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a  bed  of  wool.  By  tins  im-thod  ihe  alloys*  soon  reiiihod  a  steady  K'ni- 
perature,  and  as  tiic  liquid  wlien  covered  oy  wool  evaporated  but  slowly 
a  constant  temperature  was  easily  maintained. 

The  next  t^'mperature,  — Tl^  ('.,  was  obtained  by  pourin.i,'  a  nuxture 
of  carbonic  acid  snow  and  ether  into  the  same  vessel  as  was  used  lor 
the  liquid  air.  the  snow  beinji  obtained  in  tbe  usual  way  by  allowing 
the  gas  to  expand  under  high  pressure  from  the  eylinder  in  which  it 

was  confined. 

A  mixture  of  ice  and  water  pave  the  ^ero  temperature,  and  a  vessel 

of  boiling  water  the  temperature  of  100^  C. 


FIG.   2 

To  be  certain  before  taking  a  reading  that  the  baths  had  reached 
a  steady  state  a  nickel-iron  thenuocouple  was  use.l  in  lonneetion  with 
the  potentiometer  and  the  galvanometer  mentioned  al«ove. 

The  results  of  the  observations  are  given  in  Table  111,  and  the 
points  there  given  are  joined  by  curves,  as  shewn  in  Fig.  ?. 

TABLE  III. 

Specific  resistances  of  alloys. 

Values  of  <T  X  106  where  <i  ie  the  specific  resistance^ 
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1 

100°  c 
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Discussion.— From  the  values  recorded  in  Table  III  it  will  be  seen 
that  the  specific,  resistance  of  alloys  No.  2  and  No.  2 A  were  excep- 
tionally high,  and  although  with  the  two  alloys  the  resistances  were 
determined  for  only  a  limited  number  of  points  it  is  evident  from  the 
form  of  the  curves  that  the  specific  resistance  of  both  underwent  wide 
and  irregular  though  somewhat  similar  variations.  The  existence  of 
a  maximum  and  a  minimum  value  for  the  specific  resistance  of  each 
in  the  range  covered  appears  to  be  clearly  established,  and  it  is  probable 
that  had  measurements  for  a  larger  number  of  temperatures  been  made 
these  critical  values  would  have  been  still  further  emphasized  and  more 
definitely  determined. 

Alloys  Nos.  3.  3 A  and  3B,  as  well  as  Nos.  4  and  4A,  shew  very 
nearly  a  linear  relation  between  specific  resistances  and  temperatures, 
and  in  their  behaviour  approximate  more  closely  to  that  of  pure  metals. 

A  comparison  of  the  values  of  the  specific  resistance  of  these  alloys 
with  the  known  values  of  their  constituents  Cu.  and  Al.  (that  for  Mn. 
apparently  has  not  yet  been  determined)  shews  that  all  the  specimens 
liad  a  higher  specific  resistance  than  either  of  these  two  oonstituentfl. 
In  this  respect  then  the  Heusler  alloys  resemble  various  alloys  examined 
by  Fler.iing  and  Dewar,  and  others.  But,  in  the  determinations  of 
the  latter  the  difference  observed  between  the  specific  resistances  of 
particular  alloys  and  that  of  their  respective  components  were  not  so 
large  as  that  exhibite<l,  for  erample  by  alloys  2,  2A. 

This  fact,  coupled  with  the  pronounced  change  in  specific  resistance 
which  has  been  found  to  follow  variations  in  the  percentage  composi- 
tion of  these  alloys,  make  it  desirable  to  have  a  more  complete  aerieB 
of  detenninations  for  a  larger  number  of  specimens,  and  it  is  possible 
when  these  are  made,  that  some  additional  information  will  be  obtained 
which  will  assist  in  establishing  a  relation  between  the  various  phases 
of  these  alloys  and  the  physical  properties  which  they  manifest. 

It  gives  the  writers  pleasure  to  express,  in  this  place,  their  smcere 
thanks  to  Prof.  McLennan  for  his  kindness  in  placing  at  their  disposal 
the  necessary  apparatus  to  carry  out  the  experimental  work,  and  for 
his  many  helpful  suggestions  given  from  time  to  time  during  the 
investigation. 
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